Catalytic converters in automobiles have significantly increased the input of platinum 22 group elements (PGEs) to the environment and their coupled geochemical behavior has 23 been proposed. 
ABSTRACT: 21
Catalytic converters in automobiles have significantly increased the input of platinum 22 group elements (PGEs) to the environment and their coupled geochemical behavior has 23 been proposed. To check this hypothesis, Pt and Os concentrations and 187 Os/ 188 Os 24 ratios were determined in sediment cores and interstitial waters from the Tagus Estuary 25 (SW Europe) affected by different traffic pressure. questioning the use of Os isotopes as proxies of PGE sources to the environment. 37 38
INTRODUCTION 39
Platinum group elements (PGE: ruthenium, rhodium, palladium, osmium, iridium and 40 platinum) are amongst the least abundant elements in the upper continental crust, where 41 their typical concentrations range from 20 pg g -1 (Ir) to 500 pg g -1 (Pt, Pd) 1 . These 42 elements are relatively enriched in the Earth's mantle, and mantle-derived rocks host 43 some of the largest PGE deposits in the World (e.g. Bushveld Complex 2 and Noril'sk 3 ). 44
The use of PGE in several human activities is increasing their environmental 45 concentrations 4,5 ; accordingly, it has been estimated that 86-98% of PGE total flux at 46
Earth's surface derives from anthropogenic activities 6 . One of the main application of 47 PGE (especially Pt, Pd and Rh) is their use in automobile catalytic converters in order to 48 reduce the emissions of CO, NO x and SO 2 7 . This industrial application has been greatly 49 responsible for an exponential increase of the PGE demand over the past 40 years 8 . A 50 catalytic converter emits during its lifetime microparticles (1- (Table 1) ; the average blank value 147 was 24 ± 4 pg g -1 (n=10). The accuracy was checked using road dust certified reference 148 material (BCR-723 37 ) and good agreement was obtained with the certified 149 concentrations (Table 1) . 150
Osmium concentration and isotopic composition in sediments and interstitial water were 151 determined using negative thermal ionization mass spectrometry (N-TIMS) using 152 previously established procedures at Dartmouth Radiogenic Isotope Geochemistry 153
Laboratory for water 26, 38, 39 and for silicates 40, 41 . For interstitial waters the procedure is 154 described in brief as follows and outlined in the supporting information ( Figure S-2) . 155
About 30 to 50 g water was weighed in a quartz glass tube ("Carius tube") and spiked 156 Os ratio of 0.288 ± 0.003 (n=2). 174
The Os fraction of the sample in 0.5 μL of HBr was loaded on the pre-cleaned Pt side 175 filament using a fine polypropylene tubing fitted on a Hamilton microsyringe and dried 176 at 0.8 A. The typical load was centered and 1-2 mm of the filament length. Three drops 177 of fresh Ba(OH) 2 emitter solution were loaded on top of the sample and dried. The 178 filament was then heated to 1.2 A for 6 s. Osmium isotopes were measured as OsO 3 -on 179 a Triton thermal ionization mass spectrometer (TIMS) using the double filament 180 geometry developed by 38 
Estimation of enrichment factors and anthropogenic fractions of osmium and 192

platinum: 193
Enrichment factors for Os (EF Os ) and Pt (EF Pt ) with respect to local background levels 194 (Table 2) (Table 2) . 203
Natural and anthropogenic concentrations of Os and Pt were calculated applying this AF 205 (%) to the total concentrations 25 . 206
RESULTS 207
Sedimentary background 208
Sediments from both stations are composed by fine grained sedimentary material. The 209 Al 2 O 3 content ranged from 9 to 23%, with values increasing with depth at both sites 210 (Table 2) . Organic matter content (LOI 550 ºC , %) in sediments was 6.8 ± 3.3% and 6.6 ± 211
% at Low and High Traffic Station (except for the upper 4 cm at High Traffic 212
Station where values up to 23% were found, Figure S 
Concentrations of Pt and Os in sediment 222
Platinum concentrations in sediments cores from both stations showed a surface peak; 223 the concentration at the High Traffic Station (40100 pg g -1 ) is about 15 times higher 224 than that at the Low Traffic Station (2750 pg g -1 ; Figure 2 , Table 2 ; for the complete 225 dataset see Table S (Table 2) . 235
Concentrations of Pt and Os in overlying and interstitial waters 236
To the knowledge of the authors, the data of dissolved Pt and Os for interstitial waters 237 obtained in this study (Figure 2 ; The deposition rates of anthropogenic Pt were calculated for the layers where the 275 anthropogenic fraction (AF Pt , Table 2 ) was found to be greater than 50% (using the 276 sedimentation rates reported earlier 54 for both stations, see Figure However, this estimated range of enrichment is higher than the concentration found in 308 the sediments from the High Traffic Station (40,000 pg g -1 ). The difference may be due 309 to higher dispersion of particles from the bridge than from a regular road. Accordingly, 310 and using the estimations above, a particle dispersion of 16 m would be needed to 311 explain the enrichment found at High Traffic Station (or 6 m following laboratory 312 considering that Os is released as the gaseous OsO 4 species, it is expected that the 323 dispersion is well higher than that considered for Pt -which is released as particles-and 324 therefore the Os inputs here indicated are an upper limit estimation, minimizing its local 325 deposition even further. These calculations show that the Os supply from nearby traffic 326 is significantly lower than the typical regional atmospheric deposition; accordingly, be expected in the top 4-cm sediment layer, i.e., which is 16 -160 times higher than the 331
Os that nearby traffic may supply. 332
The surface sediments have low 187 Os/ 188 Os ratios compared to the background. The 333 presence of a less radiogenic source in the surface is consistent with the surface 334
anthropogenic Os contribution at both stations ( balanced by equivalent inputs, therefore requiring an import to the sediment by 374 atmospheric deposition. Also, the sediment-water partition of Os -and eventually the 375 diffusive fluxes -appears to be affected by the amount of organic matter and/or 376 sulfides, as indicated by the increase in the sediment/water partition coefficients with 377 these two variables (see Figure S-6, supporting information) . 378
Os-Pt decoupling in the environment 379
The Pt/Os ratios of sediments show a wide range of values (Figure 2 , Table 2 ). Ratios of 380 Pt/Os for background sediments at High (19 ± 5) and Low Traffic Stations (11 ± 5) 381 were comparable to average eroded continental crust (16.5 1 , Figure 2 ). However, ratios 382 in surface sediments near the bridge (High Traffic Station) were ~45 times higher than 383 background levels and 5 times the background at the Low Traffic Station. The highest 384 Pt/Os ratio was found in the gullypot sediment, which was twice the value in surface 385 sediments at High Traffic Station. In addition, if Pt and Os were derived only from 386 anthropogenic sources, ratios (calculated using the amount of Pt and Os and applying 387 them the AF Pt and AF Os ) would be 5600 and 220 in High and Low Traffic Station, 388 respectively. Thus, the regional common source indentified in the Low Traffic Station 389 (Pt sedimentation rate 6,600 ng m -2 y -1 ), has a Pt/Or ratio of 220. The other local source 390 (Pt sedimentation rate 300,000 ng m -2 y -1 ) that is related to vehicular traffic emissions 391 (High Traffic Station) had Pt/Os ratio  5600, which is in agreement with the elevated 392 ratios for the particles emitted from catalytic converters (4x10 6 -2x10 8 11,12,57 ). 393
In interstitial waters Pt/Os ratios are lower and within a narrow range of 5 -12 in all the 394 profiles (Figure 2) , which are close to ratios for North Atlantic waters (Pt/Os = 5, Figure  395 2, light blue straight line; Table 2 
bridge>regular road). 408
These results support the hypothesis of a decoupled behavior between Pt and Os in the 409 environment relative to both sources and mechanisms of release and dispersion, as well 410 as their different reactivity and mobility. Accordingly, Pt is dispersed as solid and non-411 reactive particulates, whereas Os is emitted as gaseous OsO 4-and when settled displays 412 a higher mobility. This should be taken into consideration when using the Os isotope 413 ratios for the reconstruction of the sources and contamination of platinum group 414 elements in environmental matrices. 415
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